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Monday, February 9, 2015 185aswitch distant from the binding interface propagates changes throughout the
structure. Analysis of crystal structures confirms this allosteric network and
suggests that the microsecond motion modulates binding to particular interac-
tion partners.
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The third PDZ domain of the multidomain complex PSD-95 is a well studied
but controversially discussed model for dynamic allostery without major
conformational changes. After the first predictions of a coupled amino acid
network by Ranganathan and Lockless1 followed by Ota and Agard2, that is
potentially involved in intradomain signaling and allostery, several computa-
tional and experimental attempts were made to gain insight into the presence
or absence of a wire-like pathway for information transfer in PDZ33-5. A
recent development in vibrational spectroscopy enables us to revisit this
long-standing question with a new experimental approach. Using the unnatural
amino acid Azidohomoalanine (Aha) as vibrational probe at different posi-
tions in PDZ3, we tested the influence of ligand binding on the local
microenvironment of the probe. As the azide absorption band of Aha is sen-
sitive to even subtle changes of its environment6-7, this approach allows us
to monitor conformational fluctuations invisible to other methods. The amino
acid residues tested, that are part of the predicted coupled network indeed
show a change of the local microenvironment not reported experimentally
before. In contrast no differences were found for residues which are not
part of the predicted pathway but at similar distances from the binding pocket.
This is an experimental evidence for long range communication and allostery
in PDZ3.
1Lockless, S. W. et al., Science 1999, 286, 294-299
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4Chi, C. N. et al., PNAS, 105, 12, 4679-4684
5Petit, C. M. et al., PNAS 2009, 106, 43, 18249-18254
6Taskent-Sezgin, H. et al., Angew. Chem. Int. Ed. 2010, 49, 7473-7475
7Choi, J.-H. et al., JPCL 2011, 2, 2158-2162
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Rho family GTPases play important roles in the regulation of the cell’s
actin cytoskeleton and mediate the repulsive and attractive effects of guidance
molecules. Their interaction with single transmembrane receptors Plexins are
of particular importance, since Plexin receptors are important for axon guid-
ance, angiogenesis and also cancer. Our previous study mapped the interac-
tions of small Rho GTPases, Rnd1 and active Rac1, with the plexin-B1
through a common region, the Rho GTPase Binding Domain (RBD)[1].
And NMR relaxation experiments on the RBD: Rac1 complex revealed that
the Rac1 is less dynamic in the Plexin bound state[2]. To further address
the mechanism under the specificity and different functions of different Rho
GTPase involving Plexin-B1, we present here the dynamical behavior of
Rac1 and Rnd1, and the changes upon their association with plexin-B1
RBD. Solution NMR as well as mass spectrometry experiments are conducted
to monitor the amide hydrogen exchange process. Both Rnd1 and Rac1
become rigid in general, especially in the switch I and switch II regions. In
addition, both GTPases show complimentary dynamics changes distal from
the binding sites, indicating an allosteric signaling mechanism. This also
suggests a more direct role of Rho GTPase upon binding to Plexin-B1, rather
than simply being sequestrated by Plexin-B1. More importantly, the dynam-
ical study revealed the binding with Plexin-B1 RBD induces different
changes in the dynamics and in different regions of the two GTPases. These
are in accord with previous thermodynamic measurements and implies a dif-
ference in the mechanism of action of the two Rho GTPases-Rac1 and Rnd1,
upon interaction with Plexin-B1[3]. These studies together suggest the origin
of the specificity of the GTPase- protein interaction and signaling in the
plexin-B1 system.932-Plat
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The family of small Ras-like GTPases plays a pivotal role in the coordination of
cell signaling by acting as binary protein switches. The switching mechanism is
triggered by the hydrolysis of co-factor GTP to GDP which induces a transition
in conformation and dynamics of two functional regions designated as switch I
and switch II located in the proximity of the co-factor binding site. The switch I
and switch II regions typically adopt an ordered and well defined structure only
in the presence of bound GTP and unfold in the presence of GDP. The confor-
mational equilibrium of switch I and switch II regions can be further influenced
by post-translational modifications. We employed umbrella sampling free en-
ergy simulations to systematically investigate the switch I and switch II confor-
mational transitions in the Ras-like GTPase Rab1b in the presence of bound
GTP or GDP and different posttranslational modifications. The free energy
change was recorded along a collective coordinate composed of a network of
predefined inter-atomic distances (dRMSD) coupled with Hamiltonian replica
exchange simulations. In agreement with experiment the free energy simula-
tions predicted a lower free energy barrier of unfolding switch I and switch
II regions in the presence of GDP compared to GTP and are also compatible
with the experimentally observed effects of posttranslational modifications.
An energetic analysis indicates that electrostatic interactions play a decisive
role for the conformational equilibrium. It was also possible to determine the
order of structural transitions in the switch I and II regions upon induced un-
folding. The results can have important implications for understanding the
mechanism of signal transduction by GTPases.Platform: Micro- and Nanotechnology
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Recent studies demonstrate the direct interaction of a-synuclein with mito-
chondrial membranes and point to the role of the voltage-dependent anion
channel (VDAC) of the mitochondrial outer membrane (MOM) in facilitating
translocation of a-synuclein through the MOM. Single-channel studies of the
ionic current through VDAC reconstituted into a planar lipid membrane in
the presence of a-synuclein reveal a complex interaction of a-synuclein with
the VDAC pore that is characterized by the presence of two blocked states.
The duration of both blocked states is biphasic with voltage: at low voltage,
the blockage time increases with voltage, while at sufficiently large voltages,
it decreases with voltage thus implying translocation. Detailed kinetic analysis
of the transitions between the blocked states suggests that the second blocked
state arises from simultaneous capture of two a-synuclein molecules. Selec-
tivity studies at asymmetric electrolyte concentrations demonstrate a distinct
splitting of the conductance of each blocked state into higher- and lower-
selectivity sub-states. Transitions between these sub-states report on the sto-
chastic dynamics of a single a-synuclein molecule within the pore. Finally,
the shape of the blockage time distributions over the entire voltage range can
be understood using a first-passage approach that reveals the potential experi-
enced by a-synuclein molecules in the VDAC channel. These results highlight
the suitability of the a-synuclein/VDAC system as a model for the investigation
of the detailed molecular motion of disordered proteins in large b-barrel
channels.
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All cells generate an electrical potential (Vm) across their plasma membrane
driven by a concentration gradient of charged ions. A typical resting membrane
potential ranges from 40 to 70 mV, with a net negative charge on the
